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Abstract 
Back contact cells and modules using the metal wrap through technology (MWT) in conjunction with conducting 
Back Contact Foils (BCF) have recently gained a lot of interest in the industry. 
This technology does not suffer from some of the most severe failure mechanisms in standard modules, like e.g. 
breakage in the stringing process. Nevertheless, a specific potential failure mechanism in Back Contact Foil based 
modules are failing solder connections. In the present work the influence of such failing contacts on the module 
performance is investigated by means of electrical modelling and real measurements. 
It is shown that the influence of failing contacts on the module performance is less severe than expected which lowers 
the requirements for the module production process. 
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1. Introduction 
Back contact cells and modules using the metal wrap through technology (MWT) in conjunction with 
conducting Back Contact Foils (BCF) have recently gained a lot of interest in the industry [1-5]. By 
having all electrical contacts on the back side of the cell one benefits from less shading [3], a more 
aesthetic appearance, less handling of the cells and a significantly decreased series resistance between the 
cells [4]. 
Nevertheless, while some potential failure modes like cell breaking in the stringing process are 
eliminated, new failure modes might be introduced. One of them would be the loss of electrical contacts 
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between the cell and the conduction Back Contact Foil. The present work investigates the impact of this 
particular failure mode. 
2. Technological Background 
2.1. MWT cell technology 
The MWT cells which are investigated here have 16 vias through which the current from the front 
side is transported to the rear. They are arranged in four rows by four and will be referred to in this paper 
as front contacts, although the actual contact pads are on the rear side of the cell. 
 
 
Fig. 1. Front and back side of an MWT cell 
 
 
The rear contacts to connect to the back side of the cell consist of 15 contact pads arranged in three 
rows of five, as can be seen in figure 1. 
2.2. MWT module technology 
Interconnection between the cells is provided by a structured copper layer in the Back Contact Foil 
(BCF), which replaces the back sheet foil as well as the tabs in standard modules. During the 
manufacturing process dots of solder paste are printed onto the contact points of the BCF. The cells are 
hereupon laid on top of it, after which the whole module is laminated. Not until the lamination process is 
finished the In Laminate Solder (ILS) process takes place, where the individual contacts are soldered by 
means of a laser beam through the sunny side of the module. 
2.3. Failing contacts 
The solder connections between the cells and the BCF can fail for a number of reasons. Printing too 
few or even no solder paste in the manufacturing process will lead to reduced or nonexistent electrical 
connections already at zero hours. Failures in the In Laminate Soldering process like misalignment or 
wrong settings in the laser power will make weak connections which might fail after short time. Finally, 
even solder dots which are properly produced can fail due to mechanical stress or corrosion in the climate 
chamber or in the field. This stresses once more the importance of a good understanding of this failure 
mode. 
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3. Model 
3.1. Cell model 
In order to study the behaviour under failing contacts, the whole cell is divided into 16 sub-cells 
corresponding to the 16 front contacts, each of which is built by a two-diode-model on its own. See figure 
2 for the numbering scheme of the individual contacts. The front contacts as well as the back contacts are 
connected to each other with a resistivity grid, which has been derived by fitting the individual resistivity 
values to four point measurements between front resp. back contacts of real cells. 
 
 
Fig. 2. Numbering of front and back contacts on a cell (Tx: Front contacts, Bx: Rear contacts) 
The resistivity grid for the front contacts connects each contact with its direct horizontal and vertical 
neighbour, i.e. contact T1 is connected with T2 and T5. The constant value of each of these connections 
has been found to be 116 mΩ. For the rear grid two different resistivity values have been obtained: All 
horizontal connections – like B1 to B2 – are set to 21 mΩ, whereas the contacts in the vertical direction 
like B1 to B6 are connected to each other with a resistivity of 45 mΩ. Note the significantly lower values 
on the rear side due to the aluminium layer. 
The 16 two-diode-models are connected to the 15 rear side contacts by another resistivity grid 
determined by geometrical considerations and the total series resistivity of the whole cell. See table 1 for 
a detailed overview of the individual values 
Table 1. Resistivity grid for the connection between the 16 two-diode-models which are associated with the 16 front contacts and 
the rear contacts. The factor Rf is multiplied with an empirically derived factor of 20.3 times the total Rs of the cell in mΩ.   
From To Rf From To Rf From To Rf 
T1 B1 1.3 T5 B1 2.55 T5 B6 1.95 
T13 B11 1.3 T8 B5 2.55 T9 B6 1.95 
T4 B5 1.3 T9 B11 2.55 T8 B10 1.95 
T16 B15 1.3 T12 B15 2.55 T12 B10 1.95 
T1 B2 3.15 T5 B2 3.85 T5 B7 3.45 
T4 B4 3.15 T8 B4 3.85 T9 B7 3.45 
T13 B12 3.15 T9 B12 3.85 T12 B9 3.45 
T16 B14 3.15 T12 B14 3.85 T8 B9 3.45 
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T2 B2 1.65 T6 B2 2.75 T6 B7 2.2 
T3 B4 1.65 T7 B4 2.75 T1 B7 2.2 
T14 B12 1.65 T10 B12 2.75 T7 B9 2.2 
T15 B14 1.65 T11 B14 2.75 T11 B9 2.2 
T14 B13 2.35 T6 B3 3.2 T6 B8 2.75 
T15 B13 2.35 T7 B3 3.2 T7 B8 2.75 
T2 B3 2.35 T10 B13 3.2 T10 B8 2.75 
T3 B3 2.35 T11 B13 3.2 T11 B8 2.75 
 
 
3.2. Module model 
The individual interconnecting copper patterns of the Back Contact Foil are translated into resistivity 
grids by the use of Finite Element Method (FEM) modelling. 
Simulations have been done for 6x10 modules where 60 cells are connected in series, but also for 2x2 
modules, i.e. 4 cells in series. For the latter ones a higher number of test samples can be produced to 
compare the results obtained from the model with real data. 
3.3. Simulation 
The simulation has been carried out for different numbers of failing contacts, which were randomly 
spread over the whole module. 
In comparative simulations including failing front and back contacts and combinations thereof – 
which cannot be shown here for the sake of brevity – it shows that the influence on module power is 
clearly dominated by missing front contacts. Therefore the further investigation will concentrate on front 
contacts only. 
3.4. Verification 
Both 6x10 and 2x2 test modules have been made to compare the results obtained from the simulation 
with real measurement data. Those modules were arranged into groups in which cells from the same 
power class and the same production batch have been used. Then between 0 and 40 % of the solder 
contacts were intentionally left out by partially removing the solder paste during the production process. 
Due to the fact that comparable sets of cells have been used, all the modules with missing solder joints 
could then be compared to the fully contacted reference. 
3.5. Results 
Figure 2 shows the result of the simulation together with the data from actual modules for verification. 
Data for both 6x10 and 2x2 modules have been included in one single plot, because the relative power 
change depending on the relative number of missing contacts is obviously rather comparable. 
All data points from the real measurements are within their error bars close to the curve that is formed 
by the simulation data. The scattering in the latter comes from repeating the simulation frequently with 
different random distribution of missing contacts for each run. 
The influence of missing contacts on module performance is surprisingly low: If 5 % of all front 
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contacts are missing – which can easily be ensured in production by a good process control – only 0.3 % 
of the module power is lost. On the other hand, to reach the 5 % Pmpp drop which is the pass/fail 
criterion in most climate chamber tests of IEC 61215 [6], as much as 40 % of all front contacts in a 
module may fail. 
 
Fig. 3. Result of simulation (dots) and real measurements (crosses) of 2x2 and 6x10 modules 
4. Hot spot behavior 
One could be afraid that a high number of missing contacts like 40 % could lead to potential hot spots 
in the module due to a higher current density in the remaining contacts. Figure 3 shows a thermal (IR) 
image of a 2x2 module with all contacts available (a) and 40 % missing front contacts (b). Both images 
were made under a current of 10 A until thermal equilibrium. Although the current distribution in (b) is 
certainly different, the peak temperature is exactly the same as in (a). 
 
  
Fig. 4. Thermal (IR) images of a 2x2 module with all contacts available (a) and 40 % of missing front contacts (b)  
 
The actual current distribution is of course slightly different in a module under illumination. 
Nevertheless, with a diameter of several millimeters and an intrinsic resistivity of 30 μΩ even one single 
remaining solder spot is not expected to cause a potential hot spot. 
5. Conclusion 
It can be shown that a fraction of 5 % missing contacts almost have no measurable influence on a 
 
(a) 
 
(b) 
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module’s peak power and that as much as 40 % of all front contacts have to fail before 5 % of a module’s 
Pmpp is lost. Together with the obtained result that no significantly increased temperature has been 
observed under simulated operations it can be concluded that back contact modules with the technology 
used here are quite robust against contact failures. 
References 
[1] K. Meyer, M. Menkoe, H.-J. Krokoszinski, T. Wuetherich, M. Dupke, R. Jesswein, T. Roth, “MWT cells with Al-BSF on 
Cz silicon with efficiencies up to 19.4 %”, Proc. 26th EUPVSEC, Hamburg, Germany, 2011, pp. 984 – 988 
[2] J. Wu, R. Zhu, X. Meng, L. Jiang, X. Wang, L. Zhang, “19.2% Efficiency H-Patterned Mono Silicon Metal Wrap Through 
Solar Cells”, Proc. 26th EUPVSEC, Hamburg, Germany, 2011, pp. 1004 – 1007 
[3] C. Meyer, K. Ramspeck, M. Zell, S. Krantz, J. Moschner, A. Metz, “Efficiency Delta between MWT and H-Pattern Cells: 
Calibration Issues and Hybrid Reference Cell as Solution”, Proc. 26th EUPVSEC, Hamburg, Germany, 2011, pp. 1063 – 1067 
[4] L.M. Augustin, M.N. van den Donker, H. Scholten, M. Zell, W. Claussen, B. Van Straaten, C. Copetti, M. Fleuster, M. 
Feldhaus, D. Schier, U. Fliedner, K. Wangemann,“ Mass Production and Field Performance of Durable Metal-Wrap-Through 
Integrated Back Contact Foil Based “Sunweb” Modules”, Proc. 26th EUPVSEC, Hamburg, Germany, 2011, pp. 3113 – 3116 
[5] Press release, “JA Solar and ECN join efforts to introduce high efficiency photovoltaic modules”, 14 June 2010 
[6] ISO/IEC 61215, Ed 2.0, 2005-04 
 
 
